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INTRODUCTION 

Coal i s  predominant ly  a r o m a t i c  i n  n a t u r e  and d e f i c i e n t  i n  hydrogen. It 
c o n t a i n s  only  about  4.5-5.0 p e r c e n t  hydrogen a s  compared t o  c rude  o i l s  which 
c o n t a i n  11-13 percent  hydrogen. Coal  t h e r e f o r e ,  can be  conver ted  t o  a c r u d e  
o i l  type l i q u i d  e i t h e r  by removing carbon from i t  o r  by adding hydrogen t o  i t .  
P y r o l y s i s  p r o c e s s e s  come under  t h e  f i r s t  c a t e g o r y  which produce l a r g e  quant i -  
t ies  of  carbon r i c h  c h a r  and s m a l l  q u a n t i t i e s  of hydrogen r i c h  t a r .  
p r a c t i c a l  c o n d i t i o n s  of p y r o l y s i s  , t a r  y i e l d  v a r i e s  between 20 and 25 p e r c e n t  
w i t h  char  y i e l d  of about  50 p e r c e n t .  P y r o l y s i s  t a r s  a r e  poor i n  q u a l i t y  and 
r e q u i r e  c a t a l y t i c  hydro t rea tment  f o r  convers ion  t o  r e f i n e d  products .  

Under 

The y i e l d  and q u a l i t y  of t a r  can  b e  improved by c a r r y i n g  o u t  c o a l  pyroly-  
s is  under hydrogen p r e s s u r e .  I n  h y d r o p y r o l y s i s ,  hydrogen improves t a r  y i e l d  
by s t a b i l i z i n g  r e a c t i v e  f ragments  formed from c o a l  d u r i n g  p y r o l y s i s .  I n  t h e  
absence of hydrogen, some of  t h e  r e a c t i v e  f ragments  undergo polymer iza t ion  
and condensat ion r e a c t i o n s  forming c h a r .  Hydrogen a l s o  improves tar q u a l i t y  
by promoting hydrocracking and h y d r o r e f i n i n g  $istar d u r i n g  t h e  p y r o l y s i s  
process .  In most of the h y d r o p y r o l y s i s  work, l i g h t  o i l s  c o n t a i n i n g  most ly  
BTX a r e  produced i n  low y i e l d s  of 10-20 p e r c e n t .  The hydropyrolys is  p r o c e s s e s  
o p e r a t e  a t  v e r y  h i g h  tempera tures  of 700-1000°C where t h e  pr imary t a r  under- 
goes e x t e n s i v e  hydrocracking  forming BTX and g a s .  

The y i e l d  and q u a l i t y  o f  t a r  c a n  be  f u r t h e r  improved by c a r r y i n g  o u t  
hydropyrolys is  a t  medium t e m p e r a t u r e s  of 500-600°C in t h e  presence  of a c a t a l y s t  
thab  promotes hydrogenafhon and hydrocracking  r e a c t i o n s .  Though work on pyroly- 
s is  and hydropyrolys is  
about  c a t a l y t i c  h y d r o p y r o l y s i s .  Schroeder  p a t e n t e d  a c a t a l y t i c  hydrogenat ion 
process  where h e  claimed t h a t  a b i tuminous  c o a l  impregnated w i t h  ammonium 
molybdate y i e l d e d  30-60 p e r c e n t  l i g h t  o i l  a t  800°C and 2000 p s i  p r e s s u r e .  
Friedman e t  a l l 2  hydrogenated a New Mexico c o a l  impregnated w i t h  one p e r c e n t  
molybdenum i n  t h e  form of ammonium molybdate  i n  f i x e d  and f l u i d  beds.  Most 
of t h e  exper imenta l  work w a s  done a t  600-900°C under  a p r e s s u r e  of 6000 p s i .  
Most of t h e  c o a l  was conver ted  t o  g a s  w i t h  a l i q u i d  y i e l d  of less t h a n  20 per- 
c e n t .  But h igh  y i e l d  of c o a l  l i q u i d  of up t o  57 p e r c e n t  was obta ined  when t h e  
hydrogenat tyn  was c a r r i e d  o u t  a t  480°C under  a p r e s s u r e  of 6000 p s i .  
and Fa l lon  
700°C and 1500 p s i  p r e s s u r e  i n  a f r e e  f a l l  t u b u l a r  r e a c t o r .  
product  was r e p o r t e d  t o  b e  abouf418-25 p e r c e n t  b u t  t h e  c a t a l y s t  d i d  n o t  a f f e c t  
t h e  convers ion .  F r a n k l i n  e t  a1 s t u d i e d  t h e  e f f e c t  of m i n e r a l  m a t t e r  on rap id  
p y r o l y s i s  and h y d r o p y r o l y s i s  of  a bituminous c o a l  and found no s i g n i f i c a n t  
e f f e c t  by i r o n - s u l f u r  m i n e r a l s  a t  a hydrogen p r e s s u r e  of about  1000 p s i .  
t h i s  p a p e r ,  t h e  r e s u l t s  of  c a t a l y t i c  h y d r o p y r o l y s i s  of c o a l  i n  a hanging baske t  
r e a c t o r  and a f l u i d  bed r e a c t o r  are d e s c r i b e d .  Refined d i s t i l l a t e  o i l s  a r e  
obta ined  from c o a l  a t  medium t e m p e r a t u r e s  and p r e s s u r e s  i n  t h e  p r e s e n c e  of a 
hydrocracking c a t a l y s t .  

of  c o a l  was d o n e l y x t e n s i v e l y ,  very  l i t t l e  i s  known 

Ste inberg  
hydropyrolyzed a l i g n i t e  impregnated w i t h  ammonium molybdate  a t  

The y i e l d  of l i q u i d  

I n  
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I 

\ EXPERIPIENTAL 

The exper imenta l  work w a s  done i n  a Hanging Basket  Reac tor  (HBR) sys tem 
shown i n  F igure  1 and a F l u i d i z e d  Bed Reactor  system shown i n  F i g u r e  2.  
Hanging Basket Reac tor  c o n s i s t s  of a h igh  p r e s s u r e  v e s s e l  of 2" i . d .  and 4' 
long provided w i t h  a h e a t e r  a t  t h e  bottom and a b a s k e t  a t  t h e  top.  The b a s k e t  
hangs from a s h a f t  connected t o  a v a l v e  and c a r r i e s  a c r u c i b l e .  The HBR w a s  

t u r e s  c o n t a i n i n g  one gram of c o a l  and t h r e e  grams of c a t a l y s t  were taken  i n  
t h e  c r u c i b l e  and t h e  system was p r e s s u r i z e d  and h e a t e d  t o  t h e  d e s i r e d  condi-  
t i o n s .  A f t e r  t h e  system c o n d i t i o n s  were s t a b i l i z e d ,  t h e  c r u c i b l e  w a s  lowered 
t o  t h e  h o t  zone and kept  t h e r e  f o r  d i f f e r e n t  p e r i o d s  of t i m e  and t h e n  r a i s e d  
t o  t h e  o r i g i n a l  p o s i t i o n .  The lowering and r a i s i n g  o p e r a t i o n s  t a k e  2-3 
seconds.  A f t e r  t h i s  o p e r a t i o n ,  t h e  system w a s  cooled ,  d e p r e s s u r i z e d  and t h e  
c r u c i b l e  w a s  t aken  o u t  of t h e  system. The weight  l o s t  by c o a l  dur ing  t h e  
r e a c t i o n  w a s  t aken  a s  t h e  convers ion .  Some experiments  were a l s o  done w i t h  
50 and 100 grams of c o a l  i n  a 1-l i tre Magnedrive Autoclave under  s imula ted  
c o n d i t i o n s  of t h e  HBR work t o  p r e p a r e  bulk  q u a n t i t y  of l i q u i d  product  f o r  
a n a l y s i s .  

The 

\ designed f o r  a p r e s s u r e  of 7000 p s i  a t  a tempera ture  of 500°C. P h y s i c a l  mix- ' 

The F l u i d  Bed Reactor  System was des igned  f o r  a working p r e s s u r e  of 4000 
p s i  a t  a maximum tempera ture  of 700°C. It c o n s i s t s  of a f l u i d  bed r e a c t o r  of 
1.5" i . d .  and 4 '  h e i g h t ,  two hydrogen h e a t e r s ,  t h r e e  c o o l e r s ,  two l i q u i d  c o l l e c -  
t i o n  b o t t l e s ,  a s team i n j e c t i o n  system, a f l o w  c o n t r o l  v a l v e ,  a dry  g a s  meter 
and a pump t o  c i r c u l a t e  c h i l l e d  water t rough t h e  c o o l e r s .  The f l u i d  bed 
r e a c t o r  has  a l i n e r  of  1.25" i . d .  and 3.5' h e i g h t  which i s  provided w i t h  a 
p e r f o r a t e d  d i s c  a t  t h e  bottom t o  suppor t  t h e  c o a l - c a t a l y s t  mix ture .  The system 
is f u l l y  ins t rumented  w i t h  c o n t r o l l e r s ,  i n d i c a t o r s  and r e c o r d e r s  f o r  tempera- 
t u r e ,  p r e s s u r e ,  Ap and g a s  f low.  The r e a c t o r  system w a s  housed i n  a h i g h  
p r e s s u r e  c e l l  and opera ted  from o u t s i d e  a t  t h e  c o n t r o l  pane l .  

\ The f l u i d  bed r e a c t o r  was opera ted  i n  a b a t c h  mode w i t h  hydrogen f lowing 
through i t  cont inuous ly .  A p h y s i c a l  m i x t u r e  of c o a l  and c a t a l y s t  was p laced  
i n  t h e  l i n e r  which w a s  t h e n  i n t r o d u c e d  i n t o  t h e  r e a c t o r .  The s i z e  of c o a l  and 
c a t a l y s t  and f l u i d i z a t i o n  v e l o c i t y  were predetermined u s i n g  a g l a s s  f l u i d  bed 
r e a c t o r  a t  ambient tempera ture .  F l u i d i z a t i o n  s t u d i e s  w i t h  c o a l - c a t a l y s t  mix tures  

mixing a t  v e l o c i t i e s  of 0.25 t o  0 . 5  f t . / s e c .  which g i v e  g a s  phase  r e s i d e n c e  
times of 6-12 seconds f o r  a c o a l - c a t a l y s t  f l u i d  bed h e i g h t  of 3 ' .  A f t e r  t h e  
i n t r o d u c t i o n  of t h e  l i n e r  i n t o  t h e  r e a c t o r ,  t h e  system w a s  f l u s h e d  w i t h  n i t r o g e n ,  
p r e s s u r i z e d  and c l o s e d  t o  t h e  atmosphere.  The hydrogen h e a t e r s  were hea ted  t o  
t h e  d e s i r e d  tempera ture  and t h e  n i t r o g e n  i n  t h e  system w a s  rep laced  by hydrogen 
through a bypass  l i n e .  Flow of hydrogen through t h e  bypass  was cont inued  u n t i l  
t h e  d e s i r e d  g a s  f low and tempera ture  were a t t a i n e d .  A t  t h a t  s t a g e ,  t h e  hot  
hydrogen f low was d i v e r t e d  through t h e  r e a c t o r  where i t  came i n t o  c o n t a c t  w i t h  
t h e  c o a l  and c a t a l y s t  and f l u i d i z e d  t h e  mixture .  The r e a c t i o n  was c a r r i e d  o u t  
f o r  1 0  t o  30 minutes .  A t  t h e  end of  t h e  r e a c t i o n  p e r i o d ,  t h e  hydrogen f low was 
d i v e r t e d  back through t h e  bypass  and was r e p l a c e d  by n i t r o g e n .  
t i o n ,  c h i l l e d  water was c i r c u l a t e d  through t h e  c o o l e r s .  The l i q u i d  product  was 
condensed i n  t h e  c o o l e r s  and was c o l l e c t e d  i n  t h e  c o l l e c t i o n  b o t t l e s .  The g a s  
was le t  o u t  i n t o  t h e  atmosphere through t h e  g a s  meter where i t s  volume w a s  
recorded .  The s o l i d  char  remained i n  t h e  l i n e r  w i t h  t h e  c a t a l y s t .  

1 showed t h a t  c o a l  and c a t a l y s t  p a r t i c l e s  of 35-150 mesh f l u i d i z e  w e l l  w i t h  good 

During t h e  opera-  

A bi tuminous c o a l  from Utah w a s  used i n  t h e  HBR work. The a n a l y s i s  of t h e  
c o a l  i s  g iven  i n  Table  1. AWyoming subbi tuminous and a Kentucky bi tuminous c o a l  
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were used i n  t h e  FBR work. The a n a l y s i s  of t h e  c o a l s  i s  g iven  i n  Table  2 .  

Prereduced tungs t en  d i s u l f i d e  (WS2) of -200 mesh s i z e  was used in t h e  HBR 
experiments .  A commercial c a t a l y s t  c o n t a i n i n g  s u l f i d e s  of c o b a l t  and 
molybdenum suppor t ed  on s i l i c a - a l u m i n a  was used i n  t h e  FBR exper iments .  
c a t a l y s t  was ground t o  60-140 mesh s i z e  b e f o r e  u s e .  The a n a l y s e s  of c o a l s ,  
c o a l  l i q u i d s  and gases  were done by s t a n d a r d  methods. 

RESULTS AND DISCUSSION 

The 

The  Hanging Basket Reactor  experiments  were done wi th  and wi thou t  t h e  
c a t a l y s t  a t  450-550°C under a p r e s s u r e  of 2000-4000 p s i .  The e f f e c t  of reac-  
t i o n  time and t empera tu re  on c o a l  conve r s ion  i s  shown i n  F i g u r e  3 .  The 
conve r s ion  increased  wi th  t empera tu re  and t i m e .  I n  t h e  c a s e  of n o n - c a t a l y t i c  
exper iments ,  a maximum conver s ion  of 43 p e r c e n t  was ob ta ined  a t  550*C and 
4000 p s i  p r e s s u r e .  The a d d i t i o n  of c s t a l y s t  i n c r e a s e d  t h e  conve r s ion  s i g n i f i -  
c a n t l y .  Coal conve r s ion  of over  90 pe rcen t  was ob ta ined  a t  550°C and 4000 
p s i  p r e s s u r e .  The d a t a  show' t h a t  adequate  c a t a l y t i c  e f f e c t  can be ob ta ined  
i n  coa l  conve r s ion  when c o a l  and c a t a l y s t  are p r e s e n t  i n  a p h y s i c a l  m i x t u r e  
a t  high tempera tures ,  h igh  p r e s s u r e s  and h igh  c a t a l y s t - c o a l  r a t i o s .  The d a t a  
a l s o  show t h a t  high c o a l  conve r s ions  can be ob ta ined  i n  c a t a l y t i c  hydropyrol- 
y s i s  a t  s h o r t  r e a c t i o n  times of l e s s  than 10  minutes .  

The e f f e c t  of hydrogen p r e s s u r e  and r e a c t i o n  t i m e  on c o a l  conversion a t  
550°C is shown i n  F igu re  4 .  Hydrogen p r e s u r e  d i d  n o t  a f f e c t  t h e  n o n - c a t a l y t i c  
conversion b u t  i n c r e a s e d  t h e  c a t a l y t j c l $ o n v e r s i o n  s i g n i f i c a n t l y .  
repor ted  i n  t h e  e a r l i e r  p u b l i c a t i o n s  9 t h a t  hydrogen p r e s s u r e  i n c r e a s e d  con- 
v e r s i o n  i n  t h e  n o n - c a t a l y t i c  hydropyro lys i s  of c o a l .  But most of t h e  publ ished 
work was c a r r i e d  o u t  a t  lower p r e s s u r e s  and t h u s  can n o t  be compared wi th  t h e  
d a t a  ob ta ined  i n  t h e  p r e s e n t  work. I t  is t h e r e f o r e  concluded from t h e  d a t a  of 
F i g u r e  4 t h a t  hydrogen p r e s s u r e  i n c r e a s e s  c o a l  conve r s ion  i n  n o n - c a t a l y t i c  
hydropyro lys i s  on ly  a t  p r e s s u r e s  lower than  2000 p s i  b u t  i t  does n o t  a f f e c t  t h e  
conve r s ion  a t  p r e s s u r e s  of 2000 p s i  o r  h ighe r  u n l e s s  a c a t a l y s t  i s  p r e s e n t .  
The p r e s s u r e  e f f e c t  i n  c a t a l y t i c  hydropyro lys i s  appea r s  t o  b e  s i m i l a r  t o  t h e  
e f f e c t  observed i n  c a t a l y t i c  hydrogena t ion  of c o a l .  

I t  was 

9 1 7  

S i g n i f i c a n t  d i f f e r e n c e s  were observed i n  t h e  n a t u r e  of l i q u i d  and gaseous 
products  ob ta ined  i n  t h e  HBR work. Table  3 c o n t a i n s  t h e  a n a l y s i s  of l i q u i d  
and gaseous products .  The p roduc t  ob ta ined  i n  t h e  n o n - c a t a l y t i c  work was a very 
h igh  b o i l i n g  l i q u i d  and con ta ined  l a r g e  q u a n t i t i e s  of p r e a s p h a l t e n e ,  a s p h a l t e n e ,  
s u l f u r  and n i t r o g e n .  
con ta ined  s u b s t a n t i a l  amounts of l i g h t  and middle  o i l s .  
a s p h a l t e n e ,  s u l f u r  and n i t r o g e n  c o n t e n t  of t h e  p roduc t  was ve ry  low. 
p e r t i e s  of t h e  c a t a l y t i c  l i q u i d  product  i n d i c a t e  t h a t  t h e  pr imary l i q u i d  formed 
from c o a l  underwent h y d r o r e f i n i n g  and hydrocracking i n  t h e  p re sence  of t h e  
c a t a l y s t  y i e l d i n g  a r e f i n e d  d i s t i l l a b l e  o i l .  
hydropyro lys i s  t h e  conve r s ion  of c o a l  t o  l i q u i d  product  t a k e s  p l a c e  by a two 
s t e p  r e a c t i o n  mechanism shown i n  F igu re  5. 
c o a l  undergoes the rma l  breakdown forming a n  i n t e r m e d i a t e  p roduc t  c o n s i s t i n g  of 
r e a c t i v e  fragments .  Some of t h e  fragmented c o a l  mo lecu le s  undergo s t a b i l i z a t i o n  
forming tar and some of t h e  fragments  undergo po lymer i za t ion  and condensa t ion  
r e a c t i o n s  forming coke o r  c h a r .  
f ragmentedcoal  molecules  and s t a b i l i z e  them b e f o r e  they  undergo po lymer i za t ion  
and condensa t ion  r e a c t i o n s  which l e a d  t o  coke o r  c h a r  format ion .  

On t h e  o t h e r  hand, t h e  c a t a l y t i c  p roduc t  was l i g h t e r  and 

The p ro -  
The p r e a s p h a l t e n e ,  

The d a t a  s u g g e s t  t h a t  i n  c a t a l y t i c  

I n  p y r o l y s i s ,  t h e  o r g a n i c  m a t t e r  of 

I n  h y d r o p y r o l y s i s ,  hydrogen r e a c t s  w i th  t h e  

T a r  y i e l d  

48 



t h e r e f o r e  i n c r e a s e s  i n  h y d r o p y r o l y s i s  when compared t o  j u s t  p y r o l y s i s  Of Coal. 
I n  cata! .yt ic  h y d r o p y r o l y s i s ,  t h e  pr imary c o a l  l i q u i d  a p p e a r s  t o  be forming due 
to p y r o l y s i s  and c a t a l y t i c  hydrogenat ion  of  c o a l  
t u r n  undergoes c a t a l y t i c  hydrocracking  forming a l i g h t e r  l i q u i d  product .  

The pr imary  c o a l  l i q u i d  i n  

I t  i s  concluded from t h e  foregoing  d i s c u s s i o n  on c a t a l y t i c  hydropyrolys is  
\ t h a t  p h y s i c a l  c o n t a c t  between c o a l  and a s o l i d  c a t a l y s t  p r o v i d e s  adequate  ' c a t a l y t i c  e f f e c t  t o  g e t  h i g h  c o a l  convers ion  of up t o  90 p e r c e n t .  

undergoes l i q u e f a c t i o n  and t h e  l i q u e f i e d  c o a l  undergoes re f inement  i n  a s i n g l e  
s t e p ,  thus  producing good q u a l i t y  l i g h t  and middle  o i l s .  Though n o t  d i s c u s s e d  
i n  t h i s  paper ,  c a t a l y s t  t o  c o a l  r a t i o s  of 3 t o  1 were found t o  provide  adequate  
c a t a l y t i c  e f f e c t  and t o  reduce  agglomera t ion  of  caking  c o a l s  when t h e  s i z e  of 

o i l s  i n  h igh  y i e l d s  from caking  bi tuminous c p a l s  i r ~  a s i n g l e  s t e p  by c a t a l y t i c  
hydropyrolys is  under  t h e  c o n d i t i o n s  used i n  t h e  HBR work. The HBR system does 
n o t  have any p o t e n t i a l  f o r  u s e  a s  a p r a c t i c a l  system t o  l i q u e f y  c o a l  on a 
l a r g e  s c a l e  i n  a cont inuous  manner. An e v a l u a t i o n  of s e v e r a l  p r a c t i c a l  r e a c t o r  
systems l e d  t o  t h e  c o n c l u s i o n  t h a t  a f l u i d i z e d  bed r e a c t o r  is t h e  most s u i t a b l e  
f o r  t h i s  a p p l i c a t i o n .  

The c o a l  

, c o a l  was >200 mesh. It i s  t h e r e f o r e  f e a s i b l e  t o  produce r e f i n e d  d i s t i l l a t e  

, 

The r e s u l t s  of t h e  F l u i d i z e d  Bed Reactor  System a r e  g i v e n  i n  Tables  4-6. 
Table 4 c o n t a i n s  t h e  test c o n d i t i o n s  used i n  t h e  FBR work. The s i z e  of c o a l  
and c a t a l y s t  and f l u i d i z a t i o n  v e l o c i t y  were determined from f l u i d i z a t i o n  s t u d i e s  
made i n  a g l a s s  f l u i d  bed r e a c t o r  a t  ambient tempera ture  and a tmospher ic  pres -  
s u r e  w i t h  n i t r o g e n  a s  t h e  f l u i d i z i n g  gas .  The tempera ture  and p r e s s u r e  were 
s e l e c t e d  from t h e  HBR work. Table  5 c o n t a i n s  t h e  m a t e r i a l  b a l a n c e  of FBR work. 
The y i e l d  of l i q u i d  product  from t h e  subbi tuminous c o a l  was a b o u t  33 p e r c e n t  a s  
compared t o  about  43 p e r c e n t  from t h e  bi tuminous c o a l .  The hydrogen consump- 
t i o n  was 2 .5  and 3.8 p e r c e n t  r e s p e c t i v e l y .  It is c o n c e i v a b l e  t h a t  t h e  l i q u i d  
product  y i e l d  can b e  improved under  opt imal  p r o c e s s i n g  c o n d i t i o n s .  Table  6 
c o n t a i n s  t h e  p r o p e r t i e s  of l i q u i d  Droducts .  The c o a l  l i q u i d s  c o n t a i n  s m a l l  
amounts of s u l f u r  and benzene i n s o l u b l e s  and l a r g e  q u a n t i t i e s  of  l i g h t  and 
middle  o i l s .  The l i q u i d  from t h e  subbi tuminous c o a l  c o n t a i n s  75  p e r c e n t  d i s -  
t i l l a t e  and t h e  l i q u i d  from t h e  bi tuminous c o a l  c o n t a i n s  86 p e r c e n t  d i s t i l l a t e  
b o i l i n g  up t o  a tempera ture  of 450°C. 
and r e f i n i n g  of l i q u e f i e d  c o a l  took p l a c e  i n  a s i n g l e  s t e p  i n  t h e  FBR which i s  
i n  conformity w i t h  t h e  HBR d a t a .  The data a l s o . s u p p o r t  t h e  two s t e p  r e a c t i o n  
mechanism shown i n  F i g u r e  5 .  

' 

The d a t a  i n d i c a t e  t h a t ,  c o a l  l i q u e f a c t i o n  
\ 

\ 
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Table 1. Anrlyrlr of U l a h  Coal  

\ 

f 

I 

46.8 

46.5 

6.1 

n i . 2 2  

5.9s 

1.61 

P.41 

5.18 

P r o ~ m ~ ; ; ~ h m ~ ; ; s .  ut.% Subblluninous C o a l  Bitvninom Coal 
( U p n 1 " g )  (Kentucky 1 6  and e l l )  

voldlliel 43.22 4 6 . 4 3  

F l ied  Carbon : 50.55 4 4 . 1 1  

A l h  6.21 5 . 4 0  

Ul t lna te  Analyrir. NL.: 
7 0 F i a r l r )  

C*,bO" 70.21 73.46 

HYd,C.ge" 4.94 5 . 3 0  

h i t r o g e n  1.05 1.21 

S u l f u r  0.71 3.35 

0XY9P"  16.86 1.30 
(EY dlfterence) 

Table I. A n d l y l l l  o f  HBU Products 

l E . O  

72.0 

10.0 

11.0 

24.0 

16.0 

25.0 

1 . 2 6  

1 . 3 0  

3 . 0  

28.0 

6Y.0 

2 8 . 0  

4 0 . 0  

1l.U 

15.u 
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Table 4. FER Test  C o n d i t i o n s  

Ut. o f  coal i n  each t e s t .  g 

Ut. o f  c a t a l y s t  i n  each t e s t .  g 

Sire of c o a l .  Tyler mesh 

S i z e  of c a t a l y s t ,  T y l e r  msh 

F I  u i d i  zat  i o n  v e l o c i t y  , fl . I s e c .  

Temperature. "C 

Pressure,  PSI 

React ion t ime,  min. 

I n p u t .  0. 

Coal 

Hydrogen 

TUTAL 

o u t p u t .  9. 

L i q u i d  

G a s  
( I n c l u d e s  H ~ S  and f:n3) 

Water 

Solid 

T a b l e  5. FER M a t e r i a l  Balance 
(ddf Coal)  

Subbi tuntinous 
Coal 

100.0 

2.5 

102.5 

32.6 

12.3 

3.5 

5 4 . 1  

T a b l e  6. A n a l y s i s  o f  FER L i q u i d  Product  

Sp. g r . ,  25°C 

Sulfur. Wt.: 

N i t rogen.  Ut.: 

L i g h t  o i l ,  k t . t  
(-200T) 

( 2 0 0 - ~ 5 0 " C )  
Middle d i s t i l l a t e .  Wt.: : 

Benzene i n s o l u b l e s .  ht.; : 

S u b b i t m i n o u s  
Coal 

1.02 

0.31 

1.04 

15.0 

60.0 

9.1 

130 

145 

35-60 

60-140 

0.45 

550 

2000 

20 

Bi tuminous 
Coal 

100.0 

i . 8  

103.e 

~ 

4 2 . 7  

11.0 

5.3 

3E.8 

m i  t u n i  nous 
Coal 

1.m 

0.41 

1.11 

17.0 

69.0 

6.1 
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